Low density lipoprotein (LDL) subclass phenotype B, characterized by a predominance of small LDL as determined by gradient gel electrophoresis, has been associated with increased risk of coronary heart disease and an atherogenic lipoprotein profile. Previous studies employing complex segregation analysis have demonstrated a major, single gene effect on the inheritance of this phenotype in families. Recently, linkage between this phenotype and variation at the LDL receptor locus on chromosome 19 has been reported. However, variation in LDL subclass phenotypes has also been associated with age, gender, diabetes status, 0-blocker medication, and diet. The present study further evaluates the relative importance of genetic and nongenetic influences on LDL subclass phenotypes and on LDL peak particle diameter (as a reflection of the size of the major LDL subclass) in monozygotic and dizygotic women twin pairs. The analysis is based on 203 monozygotic and 145 dizygotic pairs of adult female twins who participated in the second examination of the Kaiser Permanente Women Twins Study. The average age was 51 years at this exam and 90% were white. Concordance analysis revealed that monozygotic cotwins shared LDL subclass phenotypes more frequently than dizygotic cotwins, and this was confirmed using logistic regression analysis after controlling for potential confounding factors. Heritability analyses suggested that approximately one third to one half of the variation in LDL peak particle diameter, a continuous variable reflecting LDL size, could be attributed to genetic influences. Commingling analysis of the frequency distribution of LDL peak particle diameter identified three distinct subgroups of subjects, one of which corresponded to those subjects with LDL subclass phenotype B. This result could reflect the presence of a major gene effect on LDL size. These analyses in women twins demonstrate substantial genetic influences on LDL size heterogeneity, confirming previous studies in families. In addition, significant nongenetic factors are also apparently operating and thus could provide opportunities for targeted intervention to reduce coronary heart disease risk. subjects on the basis of gradient gel electrophoresis.
LDL subclass phenotype A is characterized by a predominance of large, buoyant LDL particles, generally with a peak particle diameter greater than 255 A and skewing of the gradient gel scan to the right. In contrast, subjects with LDL subclass phenotype B have a predominance of small, dense LDL particles with a diameter less than or equal to 255 A and skewing of the scan to the left. In studies to date, 85-90% of subjects have one of these two LDL subclass phenotypes, with the remainder having an intermediate phenotype. LDL subclass phenotype B is common, being present in approximately 25% of women in the general population. 8 Several studies have shown that small, dense LDL is associated with increased risk of coronary heart disease. 7910 The most recent of these, which was based on angiographic evaluations, showed the prevalence of "small and very small" LDL particles to be 48% among coronary artery disease patients, 10 similar to the 54% prevalence of LDL subclass phenotype B among male myocardial infarction survivors. 7 Both of these studies and others have shown small LDL to be associated with a constellation of other lipoprotein-related risk factors, including increased plasma triglyceride and apolipoprotein (apo) B and decreased high density lipoprotein (HDL) cholesterol and apo AI levels. 11 The mechanism underlying the increased risk associated with LDL subclass phenotype B, however, is not yet understood.
Genetic influences on LDL subclass phenotypes have also been described. Two family studies, one in primarily healthy families and one in families with familial combined hyperlipidemia, have shown that the inheritance of LDL subclass phenotype B is consistent with the presence of a single, major gene effect with a dominant or additive mode of inheritance and a common allele frequency. 812 A recent article from the National Heart, Lung, and Blood Institute (NHLBI) male twin study, using a different calibration method for LDL size, reported an unadjusted heritability estimate of 0.52. 13 Using a candidate-gene approach, linkage analyses have shown that phenotype B is not linked to the apo B gene on chromosome 2. 14 - 15 An initial report, however, has linked LDL subclass phenotypes to the LDL receptor gene on chromosome 19 , 16 lending further support to the presence of genetic influence.
Environmental and behavioral influences on LDL heterogeneity are also well documented. Age, menopausal status in women, and gender have been associated with variation in LDL subclasses. 817 Similarly, penetrance estimates for phenotype B are reduced in young men and premenopausal women based on complex segregation analysis. 8 - 12 Other important covariates appear to be use of /3-adrenergic blockers, 10 diabetes status and plasma insulin levels, 18 central obesity, 19 and dietary factors. 20 - 21 Thus, the expression of LDL subclass phenotypes and their associated risk for coronary heart disease clearly involve both genetic and environmental components.
The purpose of the present analysis was to further evaluate the relative importance of genetic and nongenetic influences on LDL subclass phenotypes in a large, unique sample of nearly 700 women twins. Both the dichotomous LDL subclass phenotype classification and the LDL peak particle diameter, a continuous variable reflecting the size of the major LDL subclass, have been used. Several statistical approaches, each with different strengths and limitations, were employed to estimate the magnitude of genetic influence on LDL size heterogeneity. These approaches included concordance analysis, discordant pair analysis, heritability analysis, and commingling (or mixture) analysis.
Methods

Study Subjects
The women twins in this study participated in the second examination of the Kaiser Permanente Women Twins Study in Oakland, Calif, during [1989] [1990] . The original sample consisted of 434 pairs of female twins born in 1960 or earlier who participated in the baseline visit during 1978-1979. 22 At that time, zygosity was determined on the basis of 20 polymorphic loci, such that the probability of misclassification of a pair who were concordant on all these markers as monozygotic was less than 0.001. Eighty-one percent of the original sample returned for the second examination. Four pairs were excluded because of insufficient plasma for lipid analysis, for a total of 696 women in 348 twin pairs. Two hundred three pairs were monozygotic (MZ) and 145 were dizygotic (DZ). The median age of the women was 51 years and 90% were white. Because the distributions of LDL subclass phenotypes were similar, all ethnic groups were included in the present analysis.
Each participant had a physical examination and completed a medical history questionnaire, including items on menopausal status and medication use, including /3-blocker use. Plasma glucose levels were measured in the fasting state and again 2 hours after a 75-g oral glucose load (Glutol, Paddock Laboratories, Minneapolis, Minn.) using the glucose oxidase method. 23 Subjects who reported a physician's diagnosis of diabetes and current use of insulin or oral hypoglycemic medication were classified as diabetic. The remaining subjects were classified as having diabetes, impaired glucose tolerance, or normal glucose tolerance on the basis of World Health Organization criteria. 24 Eighteen subjects failed to either take or retain the glucose solution. Five of these subjects had fasting glucose values between 100 and 140 mg/dL and were classified as possible diabetics. The other 13 subjects with fasting levels below 100 mg/dL were considered to have normal glucose values. Four subjects in three pairs had no glucose values and were excluded from analyses that involved diabetes status. Similarly, two subjects with uncertain menopausal status and four subjects with unknown /3-blocker use were excluded from analyses that involved these variables.
Laboratory Measurements
For the LDL subclass phenotype and LDL peak particle diameter determinations, 30 mL of fasting whole blood was drawn from each study subject, and plasma was immediately obtained by centrifugation. Gradient gel electrophoresis was performed on plasma using 2-16% polyacrylamide gradient gels (Pharmacia) as previously described. 6 -2S Two gradient gels were run for each subject, one using whole plasma and lipid stain (oil red O) and a second using isolated LDL and protein stain (Coomassie blue). The sizes of the major and minor LDL peaks were calculated on the basis of a calibration curve constructed from high-molecularweight standards. 6 The resulting scans were used to classify study subjects as having either LDL subclass phenotype A, phenotype B, or an intermediate phenotype (I) 11 by three independent reviewers who were blinded to cotwin pairing, zygosity, and lipid levels. Disagreements were resolved by negotiation among the three reviewers.
In the present study, 89% of subjects could be classified into either phenotype A or B. The remaining subjects had an intermediate I phenotype, consisting of a gradient gel scan in which either the peak particle diameter was close to the 255-A cutpoint with little or no skewing of the curve or two distinct major peaks were observed. Because phenotype I was relatively common in this study (11%), it was considered as a separate category for the present analysis whenever possible. However, when dichotomous variables were needed, both the "broad" and "narrow" definitions of phenotype B were used. 11 In the broad definition, phenotype I subjects were grouped with clear phenotype B subjects. In the narrow definition, phenotype I subjects were grouped with phenotype A subjects. Pre-vious segregation analyses in families showed similar results for both definitions. 8 In addition to the dichotomous classification of LDL subclass phenotypes, the diameter of the major LDL subclass peak was used as a continuous variable in some analyses. Both variables reflect the size of LDL particles in an individual subject. The peak particle diameters reported here are based on the LDL gels with protein stain; all results were similar for diameters determined from whole-plasma gels using lipid stain.
Genetic Analysis
LDL subclass phenotypes. The similarity of LDL subclass phenotype in sisters was investigated by examining the number of twin pairs in which sisters had the same phenotype (concordant pairs) and the number of pairs in which sisters had different phenotypes (discordant pairs) by zygosity status, using each of the three possible phenotypes A, B, and I. Proband concordance ratios were determined by zygosity for both the broad and narrow definitions of LDL subclass phenotype B. 26 The proband concordance ratio is defined as 2C/(2C+D), where C is the number of concordant phenotype B pairs and D is the number of discordant pairs, x 2 tests comparing MZ and DZ phenotype frequencies used only the concordant phenotype B pairs and the discordant pairs.
Because concordance ratios consider only pairs with at least one phenotype B cotwin per pair, the sample size is effectively decreased and the statistical power for comparing concordance of MZ and DZ twins for phenotype B is reduced. Therefore, multivariate logistic regression analysis was also used to assess the association between the LDL subclass phenotype of one cotwin and the phenotype of the other cotwin from the same pair 27 by using all pairs in the sample. This approach allows the estimation of an odds ratio describing the magnitude of this association between cotwins and also allows covariates to be evaluated simultaneously. The cotwin whose phenotype was used as the dependent variable was selected randomly from each pair, and her covariates were used in the analysis. The analysis was performed separately for each zygosity to compare the magnitude of the odds ratios in MZ and DZ pairs. A statistical comparison of these odds ratios was performed using another model with a zygosity-by-phenotype interaction term. Because of the limited statistical power of interaction terms, a probability level of 0.10 was used for testing the significance of the interaction terms. Because logistic regression analysis requires a dichotomous outcome, this analysis was repeated using both the broad and narrow definitions of phenotype B.
Individual cotwins in MZ pairs discordant for LDL subclass phenotypes A and B were compared to further identify factors that might explain the occurrence of different phenotypes. For simplicity, twin pairs in which either cotwin had phenotype I were excluded from this analysis.
Heritability analysis of LDL peak particle diameter. To determine the proportion of variance in LDL peak particle diameter attributable to genetic influences, heritability analysis was performed using the analysis of variance model with the modifications proposed by Christian et al. 28 Under the assumptions of this model, heritability is an estimate of the proportion of the variance in LDL peak particle diameter values attributable to genetic influences. Estimates near 0 imply no genetic effects, while values close to 1 imply strong genetic influence. For the present analysis, the "within-pair" estimate of heritability and the classical heritability estimate, defined as twice the difference of the intraclass correlations of MZ and DZ pairs, are reported. For all heritability analyses, the F tests of equality of total variances for MZ and DZ twins were not significant using a conservative a value of 0.2, 28 except for the subgroup of postmenopausal pairs only (p=0.17).
Commingling analysis of LDL peak particle diameter. Commingling analysis, or mixture analysis, is often used to provide preliminary evidence for a major, single gene effect on a quantitative trait of interest, 29 especially in the presence of a skewed distribution. 30 Specifically, the presence of bimodality or trimodality in the frequency distribution of a trait is consistent with the presence of a major gene influence. For the present study, this technique was used to examine the frequency distribution of LDL peak particle diameter as a reflection of the size of the major LDL subclass.
The commingling analysis was performed using the computer program NOCOM, 31 and parameters of the fitted distributions were obtained using maximum-likelihood estimation. To test for bimodality, the maximum log likelihoods for a two-subdistribution model and a single-distribution model were compared using a x 2 test with a significance level of 0.05. 32 Similarly, trimodality was tested by comparison with the bimodal model. Estimated values of means, standard deviations, and relative proportions (or areas) of each subdistribution were then used to generate fitted curves for comparison with the observed frequency distribution. Because sample sizes were large, standard deviations could be individually estimated for each subdistribution.
Other statistical analyses. Skewness of the LDL peak particle diameter frequency distribution was calculated as the third central moment. 33 Skewness values greater than 0 indicate a tail to the right, and values less than 0 indicate a tail to the left. Comparisons of mean values for groups of twins were made using Student's t test. When more than two groups were compared, one-way analysis of variance was performed 34 using orthogonal contrasts for multiple comparison. 35 Analysis of categorical variables was performed using x 2 tests with appropriate degrees of freedom. These computations were all performed using the Statistical Analysis System. 36 
Results
LDL Subclass Phenotypes
The frequency of LDL subclass phenotypes in individual study subjects is shown in Table 1 Concordance of LDL subclass phenotypes. For all possible combinations of LDL subclass phenotypes in twin sisters, the frequencies of concordant and discordant pairs are shown in Table 2 by zygosity. Each type of concordant pair (A in both cotwins, I in both cotwins, and B in both cotwins) was more frequent among the MZ pairs than among the DZ pairs, with A/A pairs predominating. Overall, 80% of MZ pairs were concordant, while 73% of DZ pairs were concordant. Using the broad definition of LDL subclass phenotype B, the proband concordance ratio was 0.65 for MZ and 0.48 for DZ pairs. For the narrow definition, the proband concordance ratio was 0.40 for MZs and 0.31 for DZs. Comparison of frequencies of concordant phenotype B pairs and discordant pairs for MZs and DZs was not significant at the a=0.05 level using the broad definition (p=0.08) and was not significant using the narrow definition (p=0.55).
Because LDL subclass phenotype B was considerably more common in postmenopausal women than in premenopausal women (16% versus 3%, respectively), the concordance analysis was repeated for pairs in which both cotwins were postmenopausal. There were 165 such pairs (47.4% of the sample), and concordance ratios were higher than for the total sample: 0.73 and 0.58 for MZ and DZ pairs, respectively, using the broad definition, and 0.50 and 0.38, respectively, using the narrow definition. However, comparisons of the frequencies of concordant phenotype B pairs and discordant pairs in MZs and DZs were not significant using either definition (p>0.10).
Logistic regression analysis. Multivariate logistic regression was used to assess the association between the phenotype of one cotwin and the phenotype of the other cotwin in the same pair, after incorporating menopausal status, diabetes status, and /3-blocker use as potential confounding variables. Because logistic regression requires a binary outcome, the analysis was performed twice, first using the broad definition of LDL subclass phenotype B and then the narrow definition (see "Methods"). Odds ratios and 95% confidence intervals for these analyses by zygosity are given in Table 3 for the broad and narrow definitions of phenotype B.
In models 1 and 2, only LDL subclass phenotypes of the cotwins were used ( Table 3 ). The odds ratios reflecting the association between one cotwin's phenotype and the other cotwin's phenotype were 18.5 and 6.5 for MZ and DZ pairs, respectively. Note that the 95% confidence interval of the odds ratio for each zygosity does not include the estimate for the other zygosity. In addition, another model including an interaction term for zygosity x phenotype demonstrated a statistically significant difference (p=0.09). Thus, the association of LDL subclass phenotypes is greater in MZ pairs than in DZ pairs. Similar results are seen in models 3 and 4, in which menopausal status, diabetes status, and current /3-blocker use were included as covariates, although the interaction term was not significant. Diabetes status was also significant for both zygosities, but odds ratios for LDL subclass phenotype did not change in either zygosity.
Using the narrow definition of phenotype B, large differences in the odds ratio for LDL subclass phenotype were again seen by zygosity: 10.5 for MZs (model 5) and 5.9 for DZs (model 6). However, similar to the concordance results, these differences were not as substantial as those seen for the broad definition. In the model including covariates, the odds ratio was somewhat reduced for MZ twins to 7.9 (model 7) but was still highly significant, while menopausal and diabetes status were also significant. For DZ twins, the odds ratio actually increased to 8.8 (model 8), and /3-blocker use was a significant covariate.
Discordant MZ pairs. Because MZ cotwins are by definition genetically identical, pairs discordant for LDL subclass phenotype can provide clues to nongenetic influences. For this purpose, the 13 MZ discordant pairs, i.e., those in which one cotwin had phenotype A and the other had phenotype B, were examined for menopausal status, /3-blocker use, and diabetes status. Eleven of the 13 pairs were concordant for menopausal status (four premenopausal and seven postmenopausal). Current use of /3-blocker medication was also not associated with LDL subclass phenotype discordance in this sample (data not shown). Thus, neither menopausal status nor /3-blocker medication use appears to explain the discordant MZ pairs.
In this sample of women twins, there was a strong association between phenotype B and diabetes status. That is, phenotype B was present in 6% of normal subjects, in 22% of subjects with impaired glucose tolerance, and in 37% of diabetic subjects. Among the 13 MZ pairs discordant for LDL subclass phenotype, there were six pairs in which both cotwins were normal and one pair in which both cotwins had impaired glucose tolerance. However, there were five pairs in which only the phenotype A twin was normal: in three of these pairs the phenotype B cotwin had impaired glucose tolerance and in two pairs the phenotype B cotwin was diabetic. Thus, nongenetic aspects of diabetes status are strongly associated with phenotype discordance in these MZ pairs. Figure 1 shows the distribution of LDL peak particle diameter by zygosity, and descriptive statistics are given in Table 4 of 267.6 A and 267.0 A, respectively. Note that the overall distribution is skewed to the left (skewness=-0.82). Skewness values within phenotypes were, however, closer to 0 than the overall skewness value (Table 4) .
LDL Peak Particle Diameter
Heritability analysis. For comparison with a recent report based on the NHLBI male twin study, 13 heritability analyses were performed in this sample of women twins. 26 For all twin pairs, the intraclass correlations for MZ and DZ pairs were 0.71 and 0.44, respectively. The resulting classical heritability estimate was 0.54 (p<0.001), and the within-pair estimate was similar (0.48, /xO.001; Table 5 ). Thus, approximately 50% of the variability in LDL peak particle diameter appears to be due to genetic influences.
This analysis was repeated using only postmenopausal pairs. Although the sample size was reduced from a total of 348 pairs to 165 pairs, the results were similar: the intraclass correlation for MZs was 0.73 and for DZs was 0.46 (Table 5 ). The classical heritability estimate was also similar, at 0.55 (/?=0.003), although the within-pair estimate was slightly lower (0.34, />=0.02). Heritability was estimated again using only pairs in which neither twin was diabetic, in pairs in which neither twin was currently using /3-blocker medication, and in Caucasian pairs. Heritability estimates were similar in all these subgroups, ranging from 0.35 to 0.52.
Commingling analysis. In contrast to many biological traits, the distribution of LDL peak particle diameter is skewed to the left (Figure 1) . The overall skewness Peak Particle Diameter value was -0.82 and was similar for both MZ and DZ twins (Table 4) .
FIGURE 1. Frequency distribution of low density lipoprotein (LDL) peak particle diameter (in angstroms) in monozygotic twins (shaded bars, n=406 individuals), dizygotic twins (cross-hatched bars, n=290 individuals), and all twins (filled squares, n=696). The distributions for both types oftwins
Using all 696 twins, the bimodal model provided a significantly better fit to the frequency distribution than a unimodal model (Table 6, (Table 6 ). The sum of the fitted subdistributions is shown in comparison with the observed distribution in Figure 2B , and the fitted distributions provide a reasonable fit to the observed data. In particular, the skewing to the left of the observed distribution is well represented by the left tail of the fitted distributions. Fitting four subdistributions did not significantly improve the fit of the model (p>0.20).
Because cotwins in a pair are not independent observations, the commingling analysis was repeated using one randomly selected cotwin per pair. The results were very similar, with mean values of 250 A, 268 A, and 274 A for the three subdistributions (data not shown). The analysis was also performed for postmenopausal women only (n=387), and mean values of the subdistributions were again similar (252 A, 264 A, and 272 A).
Finally, the three subdistributions were compared with the LDL subclass phenotype classifications in Figure 2C . The subjects with phenotype B corresponded almost completely to the lowest subdistribution with a mean value of 251 A, indicating that this phenotype apparently corresponds to a distinct subgroup of individuals. Those with LDL subclass phenotype A were distributed in the two upper subdistributions. The subjects with phenotype I were primarily in the lower third of the middle distribution and thus do not correspond to the subdistributions as identified in the commingling analysis.
Discussion
The results of these analyses based on women twins confirm previous reports of both genetic and nongenetic influences on LDL subclasses. MZ twins were more concordant than DZ twins when LDL subclass phenotype classifications were used, although the difference was not statistically significant. This relatively small difference is consistent with the proposed dominant mode of inheritance for LDL subclass phenotype B 8   -12 and known environmental and behavioral influences on this trait. That is, concordance in MZ twins is expected to be only twice that in DZ twins under a dominant mode of inheritance, even when the trait is completely penetrant. In contrast, for example, under a recessive mode of inheritance a fourfold difference is expected. Table 3 ) and a significant but lower association in DZ twins (odds ratio of 6, model 4) even after adjusting for covariates. Therefore, both analyses based on LDL subclass phenotype classifications are consistent with genetic influences.
Heritability analyses using LDL peak particle diameter as a measure of the size of the major LDL subclass also support the presence of genetic influences. Heritability estimates based on all twins were approximately 0.5 (/?<0.001). These estimates do not change substantially when the analysis is restricted to postmenopausal pairs, to nondiabetics, or to subjects not using /3-blocker medication, ranging from 0.34 to 0.5 and remaining statistically significant (p<0.03 for all estimates). Thus, between one third and one half of the variability in LDL size appears to be attributable to genetic influences in this sample of women twins.
However, these heritability values should be interpreted with caution, since the estimates assume a single, underlying gaussian distribution. Although this assumption was not met in the present data set (Table 6 and Figure 1 ), the heritability analysis in the women twins was performed for comparison with data from the third examination of the NHLBI study of older male twins. That study found similar heritability values for "LDL type" (0.52 unadjusted,/?=0.12; 0.39 adjusted,p=0Al) based on a weighted estimate of the LDL size. 13 Unlike the present study, those estimates were not statistically Because heritability analysis also assumes an underlying polygenic model, it cannot be used to detect major gene effects. In contrast, commingling analysis can provide preliminary evidence for the influence of a single, major genetic locus. 29 Based on the distribution of LDL peak particle diameter, the presence of a distinct subgroup of subjects with a mean value of 251 A was found, corresponding almost perfectly to those subjects with LDL subclass phenotype B ( Figure 2C ). This result is consistent with a single-gene inheritance based on complex segregation analysis previously seen in two samples of families. The presence of trimodality in the peak particle diameter distribution was an unexpected result. Phenotype A subjects are evenly distributed throughout the upper two subdistributions, with mean values of 267 and 274 A. It is tempting to speculate that the three subdistributions represent genotype BB homozygotes, AB heterozygotes, and AA homozygotes, respectively. Interestingly, the phenotype I subjects fall primarily in the lower portion of the middle subdistribution. The commingling analysis in this sample, then, did not identify a subdistribution that corresponds to these intermediate phenotypes. The phenotype I subjects might represent partial penetrance of the proposed B allele, variable expressivity, or even the presence of a third allele at the proposed locus.
It is also possible that more complex genetic mechanisms, not considered in the present analyses, underlie LDL subclasses. For example, in addition to likely genetic-environmental interactions, there may be more than one major gene locus involved (locus heterogeneity) or even gene-gene interactions (epistasis). These more complex genetic models will need to be considered in future studies of this phenotype.
Although these analyses demonstrate that LDL subclass phenotypes are largely genetically influenced, other factors must also contribute to the variability in LDL particle size. As a result, there are important public health implications. Intervention to reduce coronary heart disease risk may be possible, especially if targeted to those subjects with small, dense LDL. Control of diabetes and glucose intolerance or insulin resistance 18 -38 may be important interventions, since diabetes status was the strongest nongenetic correlate of phenotype B in this sample.
The underlying mechanisms leading to the association of LDL subclass phenotype B with risk of coronary heart disease are not yet established. It is possible, for example, that small LDLs are more easily deposited in atheromas than larger LDLs. Although small LDL must carry relatively less cholesterol than large LDL, the deposition of more LDL particles could contribute to accelerated atherosclerosis. On the other hand, LDL subclass phenotype B may be primarily a marker for a constellation of well-recognized lipoprotein-related risk factors. A number of studies have demonstrated that small LDL is simultaneously associated with increased levels of plasma triglyceride and apo B and decreased HDL cholesterol (specifically HDL 2 ) and apo AI. 710 -11 A detailed analysis of these associations is presented elsewhere. 18 Thus, LDL subclass phenotype B may be a qualitative trait representing a common, atherogenic lipoprotein profile. Most recently, it has been proposed that small LDL may be more susceptible to oxidation, at least in vitro. 39 " 42 Because accumulating evidence indicates an important role for oxidative modification of lipoproteins in atherosclerosis, 43 -44 this is another potential mechanism underlying the role of small LDL in coronary heart disease risk. How genetic influences may be involved in these potential atherogenic mechanisms remains to be elucidated.
In conclusion, genetic analyses of LDL subclass phenotypes and LDL peak particle diameter in a large sample of women twins demonstrate substantial genetic influences on LDL size heterogeneity. In addition, significant nongenetic factors are also apparently operating, providing opportunities for targeted intervention to reduce the risk of coronary heart disease in genetically susceptible individuals.
